The aims of this study were to investigate whether physical activity (PA) and sedentary time (ST) in 9-and 15-year-olds differed between 2005-2006 and 2011-2012 (secular change), and to investigate changes in PA and ST from age 9 to 15 (longitu- decline in PA in the participants followed longitudinally from age 9 to 15 years.
adolescents 11 so far, of which only one was conducted in a nationally representative sample. 11 In addition, no published studies have investigated secular changes in accelerometer assessed PA from the mid-2000s onward. Furthermore, there are only a limited number of studies that have studied changes in accelerometer assessed PA from childhood to adolescence within the same individuals (longitudinal trends). [12] [13] [14] [15] [16] Although these studies vary in terms of baseline age (5-12 years), age at last follow-up assessment (14-18 years) , and time between baseline and last follow-up assessment (4-12 years), a decline in overall PA and/or time spent in MVPA from childhood to adolescence was reported in all but one study (from age 12-16). 14 However, none of these previous studies were conducted in nationally representative samples, which may limit the generalizability of the results.
In the Norwegian PA among Norwegian Children Study (PANCS), accelerometer data in large cohorts of 9-and 15-year-olds collected in 2005-2006 (PANCS1) and in 2011-2012 (PANCS2) are available. Due to the design of PANCS, it is possible to investigate both secular and longitudinal PA changes. Consequently, the aim of this study was twofold: (a) to investigate whether the physical activity (PA) level and sedentary time (ST) of 9-and 15-year-olds in 2011-2012 differed from that of 9-and 15-year-olds in [2005] [2006] (secular changes) and: (b) to investigate changes in PA and ST from age 9 to 15 (longitudinal changes).
| METHODS

| Participants
In PANCS1, we selected nationally representative, crosssectional samples of 9-and 15-year-olds using cluster sampling with schools as the primary unit. When a school agreed to participate, we invited all pupils in grades 4 and 10 to enroll. The PANCS2 study had a mixed design. We selected a new nationally representative, cross-sectional sample of 9-year-olds using the same cluster sampling procedure as in PANCS1. The 15-year-olds, on the other hand, were invited to participate either individually based on previous participation in PANCS1 (sample 1) or selected from a random sample of the lower secondary schools that had previously participated in PANCS1 (sample 2). Figure 1 displays a flowchart of the number of 9-and 15-year-olds that were invited, participated, and provided valid PA assessments in the two studies.
The Regional Committee for Medical Research Ethics approved PANCS1, and the Norwegian Social Science Data Services approved both studies. We obtained written informed consent from all participants and their primary guardians before the start of both rounds of data collection.
| Anthropometrics
We measured weight and height to the nearest 0.1 kg (Seca 770 and 877, SECA GmbH, Hamburg, Germany) and 0.1 cm (wall-mounted measuring tape), respectively. In PANCS1, participants wore underwear during the anthropometric measurements whereas in PANCS2, participants wore light clothing (gym shorts/pants and T-shirt). Thus, we subtracted 0.3 kg from the bodyweight measures in PANCS2 to account for clothing. We calculated body mass index (BMI) using weight and height (kg·m −2 ).
| Physical activity
We assessed PA using ActiGraph accelerometers (ActiGraph, LLC, Pensacola, Florida, USA), which participants wore on their right hip. In PANCS1, we used the CSA 7164 model and instructed the participants to wear the monitor for all waking hours (except during showering and bathing) for four consecutive days, including two weekend days. In PANCS2, we used the GT1M and GT3X+ models and instructed the participants to wear the monitor during all waking hours (except during showering and bathing) for seven consecutive days. We initialized the monitors to start recording at 06:00 on the day after the participants received them. We used the ActiLife software (ActiGraph, LLC, Pensacola, Florida, USA) to initialize the monitors and to download the accelerometer files. For further processing (vertical accelerations only), we used KineSoft (v3.3.76; KineSoft, Rothesay, New Brunswick, Canada). Due to the sporadic nature of children's PA, 17 an epoch period of 10 sec was used. After excluding data recorded from 00:00 to 06:00 and all intervals of ≥20 consecutive minutes with no accelerations recorded, we considered days with ≥480 minutes of activity recordings valid. For our main analyses, we included all participants with ≥2 days of valid activity recordings. This combination of non-wear, valid day, and number of valid days-criteria has been shown to give a reliable estimate of children's habitual PA. 18 As a measure of overall PA, we used average counts·min −1 (CPM) over the whole assessment period. To investigate average minutes per day (min/d) spent sedentary, in LPA and in MVPA, we divided time registered with <100 CPM, 100-1999 CPM and ≥2000 CPM by valid assessment days, respectively. The <100 CPM cut-point is widely applied and has been shown to provide a realistic estimate of the time children spend doing sedentary activities and to exhibit excellent classification accuracy compared with indirect calorimetry. 19, 20 The MVPA cut-point of 2000 CPM was developed for the European Youth Heart Study (EYHS) and is equivalent to a walking speed in children and adolescents of >4 km/h. 21 Time registered above the sedentary cut-point, but below the MVPA cut-point, was categorized as LPA (100-1999 CPM). Participants were categorized as compliant with the Norwegian PA recommendations if they accumulated an average of ≥60 min/d of MVPA. In PANCS1, we collected accelerometer data during all months of the year except in July and August. In PANCS2, we collected accelerometer data from March to December, with the exception of July.
| Socioeconomic status
We used parental education level as a proxy for socioeconomic status (SES). In PANCS1, the parents self-reported this information, whereas in PANCS2, Statistics Norway provided the information (register data). Based on the parent with the highest education level, we categorized the participants into three SES groups: low (primary school or lower secondary school), middle (high school [vocational or general studies]), and high (University College or University).
| Sample size calculations
In PANCS2, we based our sample size calculations on the ability to detect subgroup differences in overall PA (CPM) of 7%, either within the same cross-sectional sample (eg, between boys and girls) or between cross-sectional samples in different studies (secular changes). Using the variability known from PANCS1 (SD=280 CPM), calculations revealed that we would need 516 individuals in each age and sex group to detect subgroup differences in CPM of 7% (49 CPM) using a two-tailed test (1-β=0.90; two-tailed α=0.05). Because of cluster sampling, we incorporated a design effect of 1.1, yielding a final target sample size of 567 individuals in each age and sex group. For our longitudinal sample, we invited all those who participated in PANCS1 at age 9 (n=1306) to participate in PANCS2 at age 15 ( Figure 1 ).
| Analysis
To account for cluster sampling, we included school as a cluster variable in all statistical models to obtain robust standard errors. In analyses of the longitudinal sample, we used school at baseline (age 9 years) as the cluster variable. We performed all statistical analysis using Stata SE 13.1 (StataCorp. 2013. Stata Statistical Software: Release 13. College Station, TX: StataCorp LP.).
| Secular changes
To analyze secular changes in PA, we used generalized linear models (continuous outcomes) and logistic regression (categorical outcomes) with study year as a binary predictor variable. In the crude models, we only adjusted for accelerometer wear time (except for analyses with CPM as the outcome). In the adjusted models, we adjusted for wear time (except for analyses with CPM as the outcome), age, season (1: March-May, 2: June-August, 3: SeptemberNovember, 4: December-February), and SES. In analyses of 15-year-olds, we also adjusted for whether or not the participants in PANCS2 had previously participated in PANCS1 at age nine (0/1). To investigate whether the secular changes differed between girls and boys, we included the two-way interaction term study year*sex in the models. Results indicated sex by study year interactions in analyses of three of the five outcome variables among 15-year-olds (P≤.050), but not among 9-year-olds. Because of the high number of participants, and thus low risk of losing statistical power, we
chose to stratify analyses of both age groups by sex. Withinstudy sex differences in PA and between-study differences in age, anthropometrics, and SES were analyzed using generalized linear models, logistic regression, and ordered logistic regression, respectively.
| Longitudinal changes
We analyzed longitudinal changes using random-effects linear models (continuous outcomes) and conditional fixed effects logistic regression (categorical outcomes) with age as a binary predictor variable. With the exception of analyses with CPM as the outcome variable, we adjusted both crude and adjusted models for accelerometer wear time. In the adjusted models, we also adjusted for SES, season at both assessment points, and number of days between PA assessments. To investigate whether changes from age 9 to 15 years were different in boys and girls, we included the two-way interaction term sex*age in the models. Because these analyses indicated sex by age interactions for three of the five outcome variables (P≤.027), we stratified all analyses by sex. We analyzed sex differences in PA at baseline and follow-up using random-effects linear models and random-effects logit models. The same models were used to study baseline differences in anthropometrics and PA between the included study sample and those lost to follow-up. Baseline differences in SES between those included in the study sample and those lost to follow-up were analyzed using random-effects ordered logistic models. To assess tracking of the continuous PA variables from age 9 to 15 years, we categorized the participants into variable-specific quintiles and calculated Spearman's rank correlation coefficients. To assess whether the odds of meeting the Norwegian PA recommendations at age 15 was different between those that met and did not meet the recommendations at age 9, we used random-effects logit models.
| RESULTS
| Secular changes
In total, 2472 (90.6%) of the participating 9-year-olds and 1674 (79.8%) of the participating 15-year-olds provided valid PA assessments and were included in the analyses of secular changes. Table 1 Table 2 displays the crude and adjusted mean (SE) PA data and results from analyses of secular changes by age, sex, and year.
| 9-year-olds
Overall (mean ± SD unless otherwise specified) We also found a significant difference in time spent in MVPA among 9-year-old girls (P=. 
| 15-year-olds
| Longitudinal changes
Of the 1306 girls and boys that participated in PANCS1 at age 9 years, we tracked and invited 1119 to participate in PANCS2 at age 15 years. Of these, 731 agreed to participate and 558 provided valid PA assessments at both time points. Table 3 displays descriptive characteristics of the sample. At baseline, participants included in the longitudinal study sample were similar to those lost to followup in terms of most variables of interest. However, girls and boys who provided valid PA data at both time points had a lower BMI at baseline compared to those lost to follow-up (P≤.026) (mean differences 0. 2) more in MVPA at baseline than girls that were lost to follow-up (P=.033). There were no significant differences in any of the other PA variables (P≥.06). Table 4 displays results from the longitudinal analyses. Overall PA, time spent in LPA and MVPA, and the odds of meeting the Norwegian PA recommendations was significantly reduced in both girls and boys between age 9 and 15 years (P<.001). In contrast, time spent sedentary increased by >2 h/day in both girls and boys (P<.001).
The adjusted analyses revealed that time spent in MVPA decreased from an average of 79 min/d at age 9 years to 59 min/d at age 15 years among girls and from an average of 98 min/d to 70 min/d among boys. At age 9 years, 76% and 92% of the participating girls and boys met the Norwegian PA recommendations, respectively. At age 15, the corresponding Spearman's correlation coefficients between measures of PA at age 9 and 15 ranged from 0.15 (sedentary time in boys) to 0.35 (overall PA in girls) ( Table 4 ). All correlation coefficients were significantly greater than zero (P≤.012). The odds of meeting the recommended levels of daily MVPA at age 15 years was 3.4 and 3.8 times higher among girls (95% CI: 2.0, 5.8) and boys (95% CI: 2.4, 6.0) whom met this recommended level at age 9 years, respectively, compared with girls and boys who did not (P<.001). At age 15 years, 56% of the girls and 65% of the boys whom met the Norwegian PA recommendations at age 9 years also did so at age 15 years.
| DISCUSSION
Our results indicate that the PA levels of Norwegian 9-year-old girls and boys and 15-year-old girls were lower in 2011-2012 compared to [2005] [2006] . Further, the results indicate that the lower overall PA level in large part results from a replacement of time spent in LPA with time spent sedentary. However, the proportion of 9-and 15-year-olds meeting the Norwegian PA recommendations did not differ significantly between the two assessment points.
Our findings corroborate previous observations using accelerometers to investigate longitudinal changes in PA, suggesting a large decline in overall PA and in PA of different intensities during the transition from childhood to adolescence, with a large corresponding increase in time spent sedentary.
| Secular trends
One of few previous studies that have investigated secular changes in objectively assessed PA in children was conducted in representative samples of 9-year-olds living in Oslo, Norway. 9 These results indicated a slightly higher over- However, steps/day thereafter decreased, being significantly lower in 2014 compared to 2005 in all age groups. 22 Cameron et al. 22 speculate that the implementation of new and more liberal PA guidelines in Canada in 2011 may have exacerbated the decreasing trends observed in the CANPLAY study.
Moller et al. 10 hypothesized that the slight increase in MVPA observed between 1997-1998 and 2003-2004 among 8-to 10-year-old Danish children may be explained by increased participation in sport clubs. 10 In Norway, the number of sports club memberships among children and adolescents has increased substantially since the 1960s. 23 However, after
2006 it appears that the number of sports club memberships has stabilized or even decreased slightly. 23 Although we do acknowledge that participation in organized sports may not necessarily lead to higher levels of PA compared with participation in self-organized PA in children, 24 this might have contributed to the secular decline in PA. Over the last decade, Norwegian schools have become fewer with a subsequent increase in size, 25 and the average distance travelled to/from school increased from 3.4 km in 2005 to 4.2 km in 2013-2014. 26 Pont et al. 27 systematically reviewed studies investigating environmental correlates of children's active travel and concluded that there is convincing evidence for an inverse association between travel distance and active travel. Active school transport has also been shown to be positively associated with overall PA, minutes of PA at all intensities, steps/day, and energy expenditure. 28 Thus, it can be speculated that a reduction in active school travel may have contributed to the secular decline in PA we observed among 9-year-olds. Opportunities for sedentary leisure activities seem to be ever increasing in young people, and recent data from the Health Behaviour in School-aged Children Study revealed that in all the 30 participating countries (including Norway), computer use and total screen time increased significantly among 11-, 13-, and 15-year-olds from 2002 to 2010. 29 
| Longitudinal changes
A direct comparison of longitudinal changes in accelerometry assessed ST and PA is challenging due to different data cleaning, reduction and processing procedures across studies. However, it appears that the relative decline (%) in overall PA observed in our study is slightly greater than observed in Danish children (Odense), 31 but slightly smaller than observed in American (Iowa) and English young people (Norfolk). 12, 13 Further, it appears that the relative increase in time spent sedentary is smaller than in American (10 cities) 32 and Swedish children (Stockholm). 16 The most commonly reported construct of PA in previous longitudinal studies is time spent in MVPA. The decline in MVPA observed in the present study translates to a mean annual decline in MVPA of 3.8% among girls and 4.5% among boys. This is nearly three times less than among American children, 32 nearly two times less than in children from Stockholm (Sweden) 16 and Iowa (USA), 13 but comparable to children from Norfolk in
England. 12 When we compare the mean cross-sectional differences in overall PA observed between 9-and 15-year-olds in the two PANCS studies with the longitudinal change observed from age 9 to 15 years, the mean cross-sectional differences are in general smaller than the longitudinal change. The mean cross-sectional difference in overall PA between 9-and 15-year-old girls was 209 CPM in 2005-2006 and 168 CPM in 2011-2012, whereas the mean longitudinal change observed from age 9 to 15 was 299 CPM. We observed a similar pattern in boys (256 CPM and 218 CPM vs. 288 CPM). This exemplifies how time trends may bias cross-sectional comparisons of PA between different age groups, and why longitudinal data are necessary to obtain accurate estimates of changes in PA with age.
Although tracking coefficients for all constructs of PA were significantly greater than zero, and the odds of accumulating ≥60 min/d of MVPA at age 15 years was >3 times higher in those accumulating ≥60 min/d of MVPA at age 9 years, tracking can be considered low in the present study. 33 This may indicate that measures to prevent the observed decline in physical activity from childhood to adolescence should encompass the entire range of children, not only those with an already low PA level.
| Strengths and limitations
A major strength of this study is the large population-based samples of both children and adolescents. However, because 1696 of the 6522 invited 9-and 15-year-olds chose not to participate in PANCS (26%), we cannot completely rule out the issue of selection bias. It should be noted that we do not know how many of the non-responding children and adolescents actually received the invitation to participate (eg, they may have been absent from school when the invitations were handed out). It is therefore plausible that the true non-participation rate is somewhat lower. Furthermore, in PANCS2, 34.8% of the fathers and 44.6% of the mothers of those included in our cross-sectional study sample had completed higher education (high SES). This is similar to the general Norwegian population of men (34.3%) and women (46.8%) aged 30-49 in 2011 (∼85% of parents in PANCS2 were 30-49 years old), 34 indicating that the study sample in PANCS2 is representative with regard to SES. We have no reason to believe that this would be different in [2005] [2006] , considering that the participation rate was higher in PANCS1 than in PANCS2. Of those invited, 34.7% chose not to participate in the longitudinal part of the study, which could be expected based on attrition rates reported in similar studies. 32 Compared to those lost to follow-up, those included in the longitudinal study sample had somewhat lower baseline levels of BMI and higher levels of MVPA (girls only). However, overall PA and VO2-peak (data not shown) did not differ significantly. Considering the very high participation rate among 9-year-olds in PANCS1 (88.8%), this indicates good generalizability of the results. Another strength of the study is that 90% of both children and adolescents included in the study samples wore their accelerometers for an average of >700 min/d, which indicates that the vast majority of their awake time was monitored. Furthermore, only 6.7% wore the monitor for <3 days. However, we do acknowledge the known limitations with accelerometry. Because the participants wore the monitors on their hip, and because they are not waterproof, it is unavoidable that PA intensity due to upper body movements (eg, throwing), load carrying activities (eg, carrying a backpack), other activities with little vertical hip movement (eg, cycling), and water-based activities is underestimated.
The information, we acknowledge that important information is also lost when ST and PA are assessed at two time points only. For example, we do not know the PA levels of children and adolescents in 2007 and 2009, and we do not know whether the age-related decline in PA is linear from age 9 to 15 years.
Lastly, because the ActiGraph model used in PANCS1 (CSA 7164, piezoelectric bimorph beam accelerometer) uses a different accelerometer than the ActiGraph models used in PANCS2 (GT1M/GT3X+, solid-state monolithic accelerometer), the results should be interpreted with some caution. Although some studies have concluded that they yield comparable outputs, [35] [36] [37] others have suggested that overall PA expressed as CPM is higher from the older CSA 7164 in combination with less time identified as sedentary and more time as LPA. 38, 39 Corder et al. 38 suggested that the two models are comparable with regard to MVPA, but that a correction factor of 0.91 should be applied to the mean CPM output from the CSA 7164 model when comparing with newer models. However, because there is currently no consensus whether adjustments improve the comparability between ActiGraph versions, and because adjusting mean CPM is complicated by the observed non-systematical difference in accelerometer output across the different intensity categories, 39 we decided to present our data without any adjustments. Nevertheless, if we adjust for the intergeneration difference in mean CPM suggested by some, 38, 39 
| Perspective
The prevalence of children and adolescents meeting the Norwegian PA recommendations was similar in 2005-2006 and 2011-2012 . However, our data might indicate that both children and adolescents in 2011-2012 substituted time spent in light PA for time spent sedentary. Furthermore, our results showed that from age 9 to 15 years, time spent in MVPA reduced by more than 25%, and time spent sedentary increased by 20 percentage points.
Since the millennium, knowledge and awareness of the importance of a sufficient PA level during childhood and adolescence has increased. Because ~20% of 9-year-olds and ~50% of 15-year-olds do not achieve the recommended levels of daily MVPA, and no improvement in these numbers was observed between 2005-2006 and 2011-2012, our results are a cause for concern. Joint determined efforts are highly warranted if the Norwegian government wants to fulfill its obligation to reduce physical inactivity by 10% by the year 2025. 40 
